This study analyses the role and impact of education on economic growth in the two largest economies of the former Soviet Bloc, namely, the Russian Federation and Ukraine. It attempts to estimate the significance of different educational levels, including secondary and tertiary education, for initiating substantial economic growth that now takes place in these two countries. This study estimates the model of endogenous economic growth and the system of linear and log-linear equations that account for different time lags in the possible impact of higher education on economic growth. The model estimation shows that there is no significant impact of educational attainment on economic growth. The results from the system of equations indicate that an increase in access of population to higher education brings positive results for the per capita GDP growth in the long term. Increasing the number of college-educated specialists leads to sustainable economic growth. The suggestion can be made that the ground for the 2000-2007 rapid economic growth in Ukraine and in the Russian Federation was laid down in early 1990s. This contradicts commonly accepted perception about the crisis decade of 1990s in the former Soviet Bloc.
Introduction
The ideas of public spending and foreign investment as the major engines for potential growth, especially in developing nations, are now replaced with the ideas about the importance of reinvestment and development of domestic markets. The theories of growth based on the fundamental assumption that a significant influx of the resources is necessary to initiate sustainable growth do not hold. They might work to a certain degree in the developing world, but appear to be insufficient to explain rapid economic growth in the Russian Federation, Ukraine, and other countries of the former Soviet Bloc.
Despite the difficulties and local crises, the socio-economic transition in the Russian This study analyses the role and impact of human capital on per capita economic growth in transition economies in the Russian Federation and Ukraine and uses Hungary and Poland for comparison. The factors that are associated with the human capital in terms of education levels are analyzed in order to measure this impact. Our approach is to estimate the significance of educational levels for initiating substantial economic growth. The model tests empirically the hypothesis that human capital has a positive impact on per capita economic growth in transition economies. We also estimate a system of linear and log-linear equations that account for different time lags in the possible impact of human capital on economic growth.
Poverty trap
The poverty trap theory anticipates a large external influx of resources done in a short period of time as the only way to make a national economy caught in low productivity low income situation to move forward and stabilize at a higher level of GDP. A sufficiently large donation would place the economy on a path that leads eventually to a high level of the steady state or possibly to endogenous steady-state growth. Thus, a relatively large quantity of foreign aid might allow an escape from the poverty trap. The poverty trap approach effectively deprived countries of the former Soviet Bloc of the bright economic future. The recent data on rapid economic growth in the Russian Federation and Ukraine point to the opposite. Leontief (1958) emphasized the role of savings in economic growth: "Among the many factors which determine the growth or stagnation -as the case may be -of a national economy, its rate of saving out of current income and the subsequent increase in income resulting from the investment of these savings play an important role." (Leontief, 1958) The key point here is that preferences of a given national economy between present and future levels of consumption in terms of a conventional set of social indifference curves affect growth. Of course, the problem of maximizing utility -by planning the allocation of income between consumption and investment -over long intervals of time is certainly of considerable interest itself, despite the fact that it was first brought up by Frank Ramsey 70 years ago.
In the study of linear programming, Dorfman, Samuelson, and Solow (1958) analyze, among other things, efficient programs of capital accumulation on the assumption of Leontief- type (fixed coefficient) technologies. Except for the fact that their model of capital accumulation permits nonzero consumption, its characteristics are basically the same as those defining the situation with savings presented by Leontief. growth. Domestic saving and current account deficit are determinants of growth through capital investment:
where S is the national saving rate, λ is no interest current account deficit expressed as a fraction of GDP, r is the marginal return on capital formation, n is labor. This equation highlights the role of domestic savings. Higher saving rates (S) finance capital accumulation and growth.
However, the equation makes the important point that the immediate impact of saving on growth is minor. Assume that the return to capital is 10 percent. Raising the saving rate by 5 percentage points of GDP will then raise the growth rate of output by only 0.5 percentage points. Of course, the compound growth effects of an extra 0.5 percent growth are considerable, but only in the long run. Carlberg (1997) Besides, it brings down foreign debt per head. As long as the foreign interest rate is low, the shock deteriorates consumption per head. But as soon as the foreign interest rate is sufficiently high, the shock improves consumption per head." (Carlberg, 1997, p. 5) Some of the most recent studies that consider impact of foreign financial aid on economic growth are by Boon (1996) , Lensink and Morrissey (1999) , Barro and Sala-I-Martin (1999) , between foreign financial assistance and growth. During the recent decades unilateral and multilateral donors provide a substantial amount of financial assistance to the developing countries. The stated goals of this aid are often formulated as poverty alleviation and promotion of economic growth. The results of such projects are not satisfactory in many cases. This necessitates further research of the issue.
Beginning in the 1980s economists began to conceptualize technological changes from within production. Emphasis was placed on R&D, and the problem of the accumulation of capital was transferred into the problem of investment and the balance between saving and consumption. Labor was an input that could be developed by investing in human capital, and growth was stimulated by improvements in labor quality. The quality of labor was considered as accumulated capital, and firms faced new choices among physical capital and human capital investments.
Valdes (1999) points out that "Ever since the new wave of research on growth theory began in the late 1980s, proponents of the two theories have been (on and off) arguing over which of the two approaches is better. One (possibly the first) round of the dispute was fought in the empirical arena. To meet the empirical finding that λ = -0. 022, (α ) the parameter in the aggregate production function
has to be approximately to 0.7 (consequently,
Another round in the debate between the two theories seems to have been constructed over their (as-of-today-known) implications for economic policy." (Valdes, 1999, pp. 168-169) 7
The Endogenous Model of Economic Growth
For deeper investigation of the potential sources of economic growth in the Russian Federation and Ukraine, we choose an endogenous model of economic growth, because the exogenous models of Solow-Swan and Leontief do not adequately describe the transition experience. The debate on whether the accumulation of human capital contributes positively towards raising per capita income growth has reemerged along with the renewed emphasis on the determinants of long-term economic growth.
An endogenous model of economic growth appears to be the most appropriate for our evaluation. First, such model may be applied for cross sectional analysis, which is probably the best way to analyze economic growth in the countries in transition. Second, the model shows the influence and importance of human capital relative to other key inputs on economic growth and to differences across countries. Kalaitzidakis et al. (2001) note that, while both intuition and several theories of endogenous growth point towards a positive effect of human capital on economic growth, empirical evidence on this issue has been mixed (Kalaitzidakis et al., 2001 ).
The purpose of the study is to provide a systematic investigation of the human capital--economic growth nexus. The impact of human capital on economic growth is incorporated according to the Mankiw et al. (1992) framework.
Mankiw et al. assume a production function of the form given below: presented by the authors is mean years of schooling for the whole population. This measure is used most frequently in the modern literature on growth. They also examine educational attainment of males and females at the primary, secondary, and post-secondary or tertiary levels.
They include educational achievement at the secondary and tertiary level for a number of reasons: 
Access to higher education in the FSU

Number of students in higher education institutions per 10000 population is chosen to
analyze access of population to higher education. This indicator reflects level or stock of human capital in the countries as well as dynamics of production of human capital during the significant periods of time. Number of students in higher education institutions per 10000 population in the FSU for the period of 1980-1999 is presented in Table 1 .
Contrary to the beliefs about the crisis situation in the Russian Federation and Ukraine, statistics point to the continuous growth in the number of students in higher education institutions per 10000 population. While during the independence and start of the market reforms in 1991 this indicator in Ukraine was equal to 168, by the year 1999 number of students enrolled in higher education institutions per 10000 population has reached 259. This indicator is slightly lower than in the Russian Federation, where number of students per 10000 thousand population grew from 186 in 1991 to 280 in 1999. Table 1 Number of students in higher education institutions per 10000 population in the FSU, 1980 -1989 Country 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Azerbaijan 146  147  134  125  117  128  132  127  134  147  Armenia  191  181  156  124  97  97  142  149  157  160  Belarus  184  180  179  169  181  191  203  219  239  258  Georgia  190  188  167  168  251  231  239  234  236  248  Kazakhstan  171  170  165  163  165  165  176  188  206  245  Kyrgyzstan  133  129  119  117  129  142  169  210  274  325  Moldova  125  120  109  108  114  149  159  180  199  212  Russia  190  186  177  171  171  188  201  221  245  280  Tajikistan  128  124  127  121  127  126  127  126  123  130  Turkmenistan  113  104  96  90  86  70  62  …  …  …  Uzbekistan  165  159  146  123  102  84  71  66  65  68  Ukraine  170  168  164  159  172  180  192  220  242 In some other former republics situation with access to higher education did not regain its positions of 1991. Indicator of number of students in higher education institutions per every ten thousand of population declined in Uzbekistan from 170 in 1990 to 68 in 1999, and in Turkmenistan-from 113 in 1990 to 62 in 1996. This statistics should always be correlated with demographic and migratory processes in the NIS. One should also account for students receiving their education in other countries, predominantly in other member countries of the NIS.
The data indicate that despite the economic difficulties during the transition period, number of students in higher education institutions per every ten thousand of population was increasing consistently since 1993. This confirms not only continuous and consistent development of the education industry, but also stable increase in the total volume and concentration of human capital in the country.
Data and descriptive statistics
The data used in the empirical study are selected macroeconomic indicators for Hungary, Dynamics of the official rate of unemployment annual change for Hungary, Poland, the Russian Federation, and Ukraine for the period of 1989-2010 that accounts for the log trajectories are presented in Figure 4 . As shown in Figure 4 , levels of the official unemployment rate in Hungary, Poland, the Russian Federation, and Ukraine have risen dramatically in early 1990s and have stabilized later. Such a sharp increase in unemployment may be explained in part by the absence of the official unemployment in the USSR and Eastern Europe. Relatively low level of the registered unemployment in the Russian Federation and Ukraine in 1990s should be considered critically as it appears to be much lower than the real unemployment rate. 
Empirical results
This section details the findings from the estimation of the model. The empirical results are summarized in Table 6 . Unlike Kalaitzidakis et al., we include savings as a percent of GDP instead of the share of output devoted to physical capital accumulation, (the ratio of investment to GDP). The model is estimated using Pooled Least Squares for the growth equation. First, we present results for the model including the share of workers with completed secondary education in the total labor force as our measure of human capital. The regression results for Hungary, Poland, and Russia are presented in Table 6 , column (1). The coefficient for the logarithm of the sum of the rate of growth of the labor force, the rate of technical exogenous progress, and the depreciation rate for human and physical capital is positive and statistically significant at the five percent level of significance. The rate of growth of the labor force is presented as growth of employment only. The rate of technical exogenous progress that is constant for all countries is taken as α =1. The depreciation rate for human and physical capital is taken as δ =0.1.
Average years of schooling per person 15 years old and older is the measure of human capital in the GDP per capita growth model for Hungary, Poland, Russia, and Ukraine presented in Table 6, Gross national income per capita has a positive and significant effect on per capita GNP
growth. An increase in income per capita leads to a higher level of growth. This contrasts to the convergence hypothesis presented in the reviewed literature. The empirical model did not examine threshold levels of human capital, but the growth experience of a country may well differ according to which side of the threshold of human capital it is on. This should be examined in the future.
The results of the estimation of the system of linear and log-linear equations that account for changes in investment, savings, unemployment, education, and medical services are presented below. The independent variables were dropped consequently and the time lags were 23 taken as five-, six-, seven-, and ten-year time lags. Selected results are presented in Tables 7 to 9 .
We comment only on the coefficients with 5 percent level of significance. Regression results of GDP per capita growth to investment, savings, unemployment, education and healthcare for the Russian Federation and Ukraine for the period of 1990-2010 with the constant coefficient (1) and without the constant coefficient (2) are presented in Table 7 . Indicators of the level of access to higher education and medical services are taken with the five year time lag. Table 7 Regression results of GDP growth to investment, savings, unemployment, education, and healthcare for the Russian Federation and Ukraine with the 5-year time lag, 1990-2010 Notes: each column is a separate regression of the growth rate on investment, savings, unemployment, education, and healthcare.
(1), (3) with constant coefficient.
(2) and (4) without constant coefficient.
Other variables defined as follows: investment, savings, unemployment, education healthcare. Standard errors are reported in parentheses. t-statistics are reported in square brackets. Asterisk *** indicates statistical significance at the 1-percent level, ** at the 5-percent level, and * at the 10-percent level. each column is a separate regression of the growth rate on investment, savings, and education. In columns 1 and 4 education is taken at a 7-year time lag. In columns 2, 3, 5 and 6 education is taken at a 10-year time lag. All the independent variables are taken as logs. 1,2,4,5 are with constant coefficient, 3 and 6 are without constant coefficient.
Standard errors are reported in parentheses. t-statistics are reported in square brackets. Asterisk *** indicates statistical significance at the 1-percent level, ** at the 5-percent level, and * at the 10-percent level
Regression results indicate positive effects of investments on the GDP per capita growth
rate. An increase in investment leads to an increase in per capita GDP growth in all the countries.
Other (1) and without the constant coefficient (2) are presented in Table 9 . Indicators of the level of access to higher education are taken with the ten year time lag. Table 9 Regression results of GDP growth to investment, savings, and education in Ukraine, 1990 Ukraine, -2010 The impact of human capital accumulation on economic growth remains controversial. In different research, conclusions reached depend on the definition of human capital, the methodology used and the time period and set of countries over which the model is estimated.
Our objective in this research is to present a study of the link between human capital accumulation and GDP per capita growth in countries in transition, making use of a consistent data set and alternative definitions of human capital. As anticipated, parametric estimates reveal no link between the two variables: for different measures of human capital, there is no significant growth effect.
The empirical results are supportive of the predictions from the original growth models (Kalaitzidakis et al., 2001) : increase in human capital does not correlate with per capita economic growth in countries with a high level of human capital. We also show that there is no significant difference in the basic growth model over time. These trend effects did not differ across countries. Overall, our results do not offer any policy direction for this small set of transition economies. However, we want to emphasize the fact that high level of human capital in Hungary, Poland, Russia, and Ukraine needs to be reproduced on a constant scale. Also, the process of accumulation of human capital will have a positive impact on GDP per capita growth in the long run.
Substantial GDP per capita growth in Hungary and Poland in the late 1990s may well be explained by the success in economic restructuring and institutional reform. The slow initial process of restructuring and institutional changes in Russia and Ukraine led to a low level of GDP per capita growth. Nevertheless, positive changes in the economy and the society overall, are the result of the structural changes in the economy, institutional reforms, development of the market type of behavior among population, development of market infrastructure, improved management, regional diversification, stabilization of the national currency, slowdown in both "brain drain" and capital outflow, and high level of human capital that was a ground for economic growth.
The educational level of population in the former Soviet Union was higher than in Poland and Hungary. Educational attainment in the Russian Federation and Ukraine was among the highest in the world for decades, being on par and sometimes even higher than in such developed
Western democracies as France, Switzerland, and the United Kingdom and way above educational level of population in such developing countries as Brazil and China. The next advancement will become possible based on the process of renovation and investment into principal capital. From this perspective we suggest further institutional and structural changes in the economies. It will increase domestic and foreign investment, further develop domestic market, and sustain already achieved substantial GDP per capita growth.
